The assumption that the species composition and the relative abundance of small mammals in pellets of Barn Owls reflects the landscape structure of the hunting area is tested, based on habitat preferences of small mammals identified from pellets collected in the hilly and lowland parts of Baranja county (Croatia).
INTRODUCTION
T he Barn Owl (Tyto alba) is an opportunistic predator with highly variable food composition comprising mainly small mammals (1) . The composition and abundance of the small mammal communities of the Barn Owl's hunting area can be influenced by landscape structure (2) . By examining the diet of Barn Owls we can make conclusions about the landscape structure of their hunting area, as the abundance of small mammal species from pellets reflects the distribution of their habitats (2, 3) . Owl pellet analysis is therefore not only used to better understand the diet of owls, but also as an indirect method for small mammal fauna surveys and more often in ecological studies. Kross et al. (4) suggested that in a hunting area with different crop types the ratio of small mammal groups in Barn Owl pellets differs. Milchev et al. (5) found that higher predation of wetland mammal species correlated with an increasing size of wetland habitats in the Barn Owl's hunting area. Using such correlation allows making decisions which can help in the protection of the landscape and the small mammal communities living in the area (6) .
The aim of our study was to collect as many Barn Owl pellets as possible at its nesting and roosting sites within a single year in Baranja in order to find correlations between the relative abundance of prey species and the distribution of habitat types in the hunting area around the sampling sites. Furthermore, our aim was to examine whether the abundance of preyed small mammal species reflects the differences in landscape structure between the hunting areas of the edge of Bansko Hill and the lowland region of Baranja.
MATERIAL AND METHODS
Baranja is a mostly flat region in the north-eastern part of Croatia (Figure 1) , enclosed by the rivers Danube and Drava, covering 1147 km 2 (7) . The region is characterised by typical agricultural landscape (48% of Baranja) with remnants of the natural vegetation including oak-hornbeam forests and wooded steppe fragments, as well as with gallery forests along the two big rivers (8) , thus about 20% of its area is covered by forests (7) . In the northern part of Baranja, Bansko Hill (highest point is 243 m a.s.l.) stretches in an east-west direction, with vineyards on the plateau and in the southern slopes, but in the marginal steep areas there are natural vegetation fragments (8) . In the large part of Baranja's lowland region (about 8,000 hectares), melioration works were started more than a century ago, and for that reason 135 km of dams and a network of canals with a total length of 1056 km were built. The climate is temperate continental with significant fluctuations in temperature, thus in January and February the temperature may drop to as low as -29 °C, while in July and August it may exceed 32 °C. Average annual rainfall is low, 640 mm (7) .
Barn Owls pellets and their fragments were collected from the nesting or roosting sites ( Figure 1 , Appendix 1a, 1b). The numbers of specimens extracted from one pellet were determined based on the number of skulls and the related mandibles. The taxonomic determination of small mammals was performed on the basis of skull and mandible parameters (3) .
The diversity of small mammals in each sampling site was characterised by Shannon's diversity index (H) and by their evenness (J) (9) . For landscape structure and mosaic analysis we used the 1: 50 000 map of the CORINE Land Cover Project from 2006 (10) . On this map circular areas with 2 km radius around the sampling sites were considered as the hunting areas of Barn Owls (3) . In these circles we examined the distribution of CORINE land cover habitat classes (e.g. broad-leaved forests, inland marshes, vineyards etc.) as types of landscape structure (Appendix 2), using the QGIS program. The landscape mosaic was calculated as the number of patches within the 2 km radius circle. In the edges of Bansko Hill (hilly area) and the lowland area of Baranja, the ratios of each class of landscape structure and the relative abundance of small mammal species in the sampling sites were compared using Mann-Whitney U test (Z) (9) . The correlation between landscape mosaic and the diversity of small mammals was analysed by Spearman's rank correlation (9) . Subsequently, using the same method we investigated the correlation between the ratios of each landscape class, mosaic, length of borders and the relative abundance of small mammal species, with only significant correlations taken into consideration.
RESULTS AND DISCUSSION
Altogether 2395 Barn Owl pellets and its fragments were collected from 21 settlements of Baranja in 2007 ( Figure 1 ). There were 1211 pellets collected in the settlements from the edge of Bansko Hill, and similar number, 1184 pellets from the lowland area of Baranja. Totally 6613 prey remains were identified from the Barn Owls pellets. Altogether 99.5% of the prey consisted of small mammals, while the remaining 0.5% was made up by birds, frogs and insects ( Table 1 ). The analysed Barn Owl pellets yielded 6581 small mammal individuals of 23 species (Table 1 ). From the edge area of the Bansko Hill 3323 individuals were identified, and 3258 from the lowland region of Baranja, thus the numbers of prey did not differ considering the pellets collected from the two areas. There was no difference (Z = 0.53, p = 0.60) between the diversity of small mammal species at the edge of the Bansko Hill (1.31) and the flat region (1.41), and evenness values (0.39 and 0.37 respectively) did not show any significant difference either (Z = 0.95, p = 0.35). The distribution of prey species on the edge of the Bansko Hill did not differ from that of the lowland region: the most common species was the Common Vole (Microtus arvalis), with proportions 56.14% and 69.73% of the prey, respectively (Table  1 , Appendix 1a, 1b). Baranja is a mostly agricultural region (7) , which is reflected in the species composition of its small mammal fauna. The high dominance of the Common Vole supports the assumption that intensive agriculture favours generalist, highly adaptive species, and sometimes leads to its population outbreak, while it negatively influences the density of rare specialist small mammal species (6) . The proportion of Common Vole in the pellets collected in 2007 exceeded 62%, which is clearly a consequence of population outbreak. This can be supported by the results of studies performed in 2008 and 2009 in some parts of Baranja when the proportion of these species in the pellets was only 27% and 34%, respectively (11) . The Common Vole is the best-known vertebrate agricultural pest in Europe, capable of causing a significant economic damage in a population outbreak period (12) . Owls can play an important role in controlling its populations, thus indirectly in the reduction of damage caused to agriculture (13) .
The analysis of the landscape structure of the hunting area of Barn Owls showed that vineyards (Z = 2.913, P = 0.020) and the broad-leaved forests (Z = 2.56, P = 0.013) covered significantly larger area on the edge of Bansko Hill than in the lowland region, where the non-irrigated arable lands (Z = -2.37, P = 0.016) dominated. The landscape mosaic of hunting areas was significantly greater (Z = 3.29, P = 0.001) on the edge of Bansko Hill than in the mostly homogeneous agricultural lowland area. Correlation was shown between the proportions of the landscape structure classes in the hunting areas and the relative abundances of seven prey species (Table 2. ).
In our study the positive correlation between the relative abundance of the Bicoloured Shrew (Crocidura leucodon) and the total area of pastures was shown. This is in accordance with the previous knowledge on habitat preferences (open agricultural areas and dry grasslands) of this species in Central Europe (14) . We also found a positive correlation of the relative abundance of this species with the diversity of the landscape. The increasing diversity of landscape structures offered more suitable habitats that resulted in higher abundance of this species. The proportion of Bicoloured Shrews was lower in the sampling sites surrounded with a larger area occupied by the complex cultivation pattern (small arable lands, orchards and gardens), thus the correlation of its relative abundance with the area of the complex cultivation pattern was negative ( Table 2) , which can be explained with the fact that these are not typical habitats for this species (14) . In our study a positive correlation between the relative abundance of Miller's Water Shrew (Neomys anomalus) and the total area of agricultural lands with significant areas of natural vegetation was shown ( Table 2 ). This can be explained with the presence of wetlands along the canals in the agricultural area (7) , which provide suitable habitats for the individuals of this species, since it commonly occurs near slow-flowing waters and in marshes. A negative correlation was detected between the relative abundance of the Common Shrew (Sorex araneus) and water course area. The proportion of this species in the diet of the Barn Owl was much lower in samples collected in sites near the Danube ( Table 2) . Preferring cool and humid habitats, this species occurs in gallery forests (15) . However, Barn Owls rarely hunt in closed canopy forests (1), therefore the abundance of the Common Shrew in the pellets in this case probably does not reflect the proportion of their habitats. We found a negative correlation between the relative abundance of the Common Dormouse (Muscardinus avellanarius) and the area of settlements in the hunting area of Barn Owls (Table 2 .), which can be explained with the fact that this species prefers woodland areas and rarely occurs in settlements. Negative correlation was also found between the relative abundance of the Mediterranean Field Vole (Microtus lavernedii) and the area of broad-leaved forests ( Table 2) , since it is known that the individuals of this species prefer wetland habitats, while avoid closed canopy forests. Such preference by the Mediterranean Field Vole was also proved by the fact that it was not found in samples from the edge of the Bansko Hill, while the lowland area of Baranja with dense shrub thickets along canals provided a lot of suitable habitats for individuals of this species (Table 1. ). Although the Common Vole may temporarily settle into the forests, it will be over-competed by the Bank Vole (Myodes glareolus) which is a typical forest dweller (16) . In our study the relative abundance of the Common Vole was in negative correlation with the length of the borders (edges between different habitats -ecotones) ( Table 2. ). The longer the borders, the more fragmented the area is, i.e. homogeneity decreases. This is in accordance with results of the previous studies, which found positive correlation of relative abundance of this species with higher homogeneity of agricultural landscapes (17, 18) . It also has been shown earlier that higher predation pressure on the borders results lower population density (19) . The correlation between the relative abundance of the Bank Vole and the total area of non-irrigated arable land was positive, while it was negative with the mosaic pattern of the landscape ( Table 2. ). We have no explanation for this, since the Bank Vole prefers closed forest habitats (16) , while it rarely occurs in arable lands. Barn Owls can prey on them in forest edges (20) .
Our results indicated that an increasing of area of inland marshes in the hunting areas of the Barn Owls is reflected in the decreased number of small mammal species detected in the pellets (Rs = -0.612, P = 0.003). Among the small mammal species that we detected in Barn Owl pellets from Baranja, only the Miller's Water Shrew, the Mediterranean Field Vole and the Water Vole (Arvicola amphibius) preferred wetland habitats. Evenness showed positive correlation with the landscape mosaic (Rs = 0.436, P = 0.048) and the length of the habitat borders (Rs = 0.648, P = 0.001). Due to an increased mosaic pattern of the landscape with more different habitats, small mammal species preferring particular habitats cannot reach a high level of dominance, therefore more species with less abundance will be present in the landscape, i.e. the diversity of small mammals show positive correlation with mosaicity.
CONCLUSION
Our results suggest that the high dominance of the Common Vole in the case of its population outbreak negatively influenced the density of rare specialist small mammal species. Despite the fact that the Common Vole was dominant in the pellets of Barn Owls, we found significant correlations between the relative abundance of some small mammal species and the landscape structure classes in the owls' hunting area. Our study confirmed that increasing the mosaic pattern of the landscape can result in higher small mammal diversity, while the magnitude of population outbreak of the Common Vole will decrease. This means that the damage caused by this pest in agriculture is expected to be lower. These relationships should be taken into consideration when designing landscapes or changing land use.
Appendix 1a. Number of prey items in the pellets of Barn Owls in sample sites (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) Mus sp. Prey  253  121  437  728  314  245  24  340  68  28  344   No. of pellet*  54  53  129  223  129  122  14  123  26  13  128 *the values are informative as the contents of fragmented pellets were also taken into account 
